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Fig. 1. Outcrop and locality map of Ryazanian strata in England,

showing principal basins of deposition. Outcrop widths are exaggera-

ted parallel to strike. Dashed line represents approximate position of

shore-line.

(1973), Rawson, Curry, Dilley, Hancock, Kennedy, Nea-

LE, Woodand Worssam (1978) and Kelly and Rawson (1983

in press). North of the London-Midlands Platform clays and

sandstone were deposited, predominantly fully marine (parts

of the Speeton Clay, Spilsby Sandstone and Sandringham

Sands Formations). To the south occur the variable salinity

limestones, marls and clays of the Durlston Formation (upper

part of the Purbeck Beds) ranging from restricted marine to

freshwater. Casey (1963) believed that there was a basal Rya-

zanian transgression from the marine Spilsby Basin south-

wards across central England into the Wessex Basin (the nort-

hern part of the Anglo-Paris Basin). It is represented by the

mid-Spilsby nodule bed in the Spilsby Basin, the Whitchurch

Sands of southern central England and the Cinder Bed of the

Wessex Basin. This idea is modified below. The Wessex Basin

is now known to extend considerably to the south-west and it

is not clear whether there may have been connection via a we-

sterly seaway to Tethys in Ryazanian times. Fig. 3 shows the

areal distribution of the prmcipal facies mEngland set ma pa-

laeogeographic reconstruction of north west Europe.

The bivalve faunas from each depositionary area are descri-

bed in general terms below. Significant bivalves are descnbed

and then discussed in more detail by major taxonomic group.

Ltmestone Coost

Fig. 3. Ryazanian palaeogeographic reconstruction of north-west

Europe, showing distribution of principal facies.
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BIVALVE FAUNASOF THE REGIONS

Yorkshire Basin (Speeton Clay, Lower D Beds): The

Yorkshire Basin represents the northerly of two Cretaceous

embayments on the west side of the southern North Sea Ba-

sin, and which is bounded to the south by the Market Weigh-

ton structure which was probably emergent in Ryazanian ti-

mes. The Speeton Clay is of Ryazanian to Albian age and out-

crops in the classic section at Speeton on the Yorkshire coast.

Only about the lowest 4 mare referred to the Ryazanian and

belong to beds D8 at the base to D5 at the top (Neale 1962,

272-273; Casey 1973, 211). At the base is the CoproHte Bed

which is composed of phosphatised nodules and moulds of

fossils. The latter include commoninternal moulds of lucinids

and Grammatodon schourovskii (Rouil. & Voss.) with valves

in occlusion, together with pavloviid ammonites. The assem-

blage compares closely with that of the basal nodule bed of the

Spilsby Sandstone in Lincolnshire and is probably of Middle

Volgian age. Above this the earliest dateable macrofossils are

Acroteuthis lateralis (Phil.) in D8 which Pinckney and Raw-

SON( 1 975) regard as Ryazanian. Ammonites delete which f irst

appear slightly higher in D7E, where late Ryazanian Peregri-

noceras occur (Casey, 1973). Itis probable that only the upper

part of the Ryazanian is represented in the Lower D Beds.

Neale (1968, 315) recorded Oxytoma and Dicranodonta

through much of D6. I agree with his identifications of Oxy-

toma, but the records of Dicranodonta are Pseudolimea.

Other elements recorded from D6 by Neale include Lucina,

Thracia, Astarte, Entolium and Pinna. He also noted (1968,

pl. 10) driftwood containing the typical flask shaped borings

of bivalves referred here to the ichnogenus Teredolites. To
these records can be added: D6A alpha, "Lucina" sp. (abun-

dant in Hfe position), ostreids including an exogyrid (one no-

ted attached to belemnite guard), Entolium orbiculare

(Sow.), Plagiostoma cf. rigida (Sow.); D6I, Oxytoma cf.

cornueliana {d'Ors.) and Pseudolimea arctica Zakh.;D6H,

Stegoconcha sp.

Neale (1968, 211) summarised his conclusions on the Lo-

wer D Beds by indicating that beds D7-6 represented a trans-

gressive sea with slow Sedimentation rate, while later in D6
there were more open circulating marine conditions with a

slightly greater rate of Sedimentation. The assemblage in D6A
alpha is dominated by deep burrowing lucinids, but an epi-

fauna also occurs indicating that bottom conditions were suf-

ficiently oxygenated to support a moderately diverse assem-

blage. But in D5 Sedimentation again dropped and the water

became poorly aerated and stagnant suggesting more brackish

conditions.

To the south of the Market Weighton Axis lies the Spilsby

Basin which is divided into:

Northern Spilsby Basin (Upper Spilsby Sandstone):

This is the northem part of the southern embayment off the

west of the Southern North Sea Basin. It is bounded to the

north by the Market Weighton structure and to the south it

merges into the Southern Spilsby Basin. The Ryazanian is re-

presented principally by the Upper Spilsby Sandstone, up to

11 mthick. Part ofthe base oftheoverlyingClaxbylronstone

Formation is latest Ryazanian, but the faunas are not discus-

sed here. The mid Spilsby nodule bed at the base of the Upper

Spilsby Sandstone is placed in the icenii Zone, and the earlier

Ryazanian runctoni and kochi Zones are apparently unrepre-

sented (Casey 1973). The nodule bed does not appear to have

been reworked in the way the basal Spilsby nodule bed was

(Kelly, 1980), but the bivalve faunas include many late Juras-

sic reworked elements. The Upper Spilsby Sandstone is com-

posed mainly of glauconitic sandstones.

Faunas occur principally in the calcite-cemented conre-

tions, most calcarous material having been leached out of the

intervening sands. Previous records of bivalves are from un-

differentiated Upper and Lower Spilsby Sandstone (WooD-

WARD1895, 293; Woods 1899-1912) where a total of about 20

species are listed. Current work indicates that there are at least

21 species from the Upper Spilsby Sandstone alone, the Lo-

wer Spilsby Sandstone having a very much richer bivalve

fauna still. Dominant in the bulk ofthe Ryazanian sandstones

is the free swimming Entolium orbiculare, but other signifi-

cant elements of the fauna include Maclearnia (= Boreionec-

tes) cinctus (Sow.), Buchia volgensis (Lah.) and lignite with

Teredolites borings containing Martesia constricta (Phil.).

The very latest Spilsby Sandstone fauna is associated with Pe-

regrinoceras albidum but has not been seen in situ. It was col-

lected by R. G. Thurrell from Biscathorpe Wold Gravel Pit

and is now in the IGS. It is the best preserved assemblage in

the whole of the Ryazanian of the Spilsby Basin due to the ma-

trix being a clayey sandstone. The fauna is dominated by

thick-shelled bivalves of the genera Dicranodonta, Myopho-

rella, Lyapinella, Procyprina and Corbicellopsis, but also in-

cludes Nuculoma.

The Upper Spilsby Sandstone bivalves indicate continual

normal salinity conditions. Epifaunal and infaunal elements

were adapted to living in an unstable environment and there-

fore show that the Substrate was unconsolidated and fre-

quently reworked by currents. Only in the late Ryazanian

with the incoming of clay did deposit feeders make an appea-

rance.

Southern Spilsby Basin (Mintlyn Beds): South of the

Washup to 15 mof the Sandringham Sands are referred to the

Mintlyn Beds of Ryazanian age. The füll sequence of English

ammonite zones of the Ryazanian was recognized by Casey

(1973), although breaks in the sequence are more obvious due

to the presence of phosphatic nodule beds at the base of the

Ryazanian, near the top of the kochi Zone and in the upper

part of the Surites icenii Zone. A preliminary listing of some

of the bivalve genera was given by Casey (1961). Gallois &
MoRTER(1980) recorded a number of Mintlyn Beds bivalves

from boreholes in the Wash. The basal nodule bed of the

Mintlyn Beds contains abundant moderately phosphatised

Protocardia ofthe concinna group. The bulk ofthe sequence

is composed of glauconitic, clayey sands in which faunas have

been destroyed during compaction. However there are se-

veral horizons of sideritic clay-ironstone concretions which

have produced an abundant and varied bivalve fauna usually

dominated by large, thick shelled Lyapinella, but high in the

sequence diminutive corbulids become numerically domi-

nant. Other numerically important elements of the fauna in-

clude a globose and almost smooth Protocardia, Anisocardia,
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Myophorella, Pleuromya and Entolium, the last especially in

more sandy facies. Less important numerically but important

stratigraphically is the inoceramid Anopaea.

London-Midlands Platform fWhitchuich Sands):

Casey and Bkistow (1964) introduced the term Whitchurch

Sands for the hitherto enigmatic marine sandstones which

post-dated the Lulworth Beds and predated the Aptian Lower

Greensand in the area from Buckinghamshire to Wiltshire.

These strata have not been seen in situ by the present author,

but were stated to be a maximumof 2 min thickness. Correla-

tion is made with the Cinder Bed of the Wessex sequence,

both Units being apparently recognizable together in the Vale

of Wardour. Casey and Bristow (1. c.) recorded the following

taxa: Nucula cf. lorioli Cox, Mytilus sp., "Gervillia" cf.

arenaria (Roem.), Laevitrigonia gibbosa (Sow.), L. gibbosa

var. damoniana (LoR.), L. wightensis (Strand), L. sp. juv.,

Trigonia densinoda Eth., cf. Corbicella pellati LoR., Thra-

cia sp., Myrene fittoni Casev, M. mantelli (Dunk..), Eodo-

nax sp., Protocardia ptirbeckensis (Lor.), P. sp., }"Psam-

mobia" tellinoides J. de C. Sow., Corbula inßexa Roem.,

C. sublaevis Roem., C. ulata J. de C. Sow. They did not in-

dicate relative abundance of taxa, but there is an overwhel-

mingdomination by Protocardia (55%)andcorbulids(40%),

thus showing similarities in biofacies to parts of both the

Mintlyn Beds and the Durlston Beds. But the presence of Eo-

donax and Laevitrigonia is reminiscent of Portland Lime-

stone conditions. Although this is a moderately diverse as-

semblage of bivalves, the absence of ammonites, echinoids,

brachiopods etc. suggests a restricted marine environment.

Wessex Basin (Durlston Beds): The Durlston Beds oc-

cupied most of the Wessex Basin and are generally regarded as

Ryazanian (Rawson et al. 1978). The base of the Ashdown

Beds of the Weald is also regarded as Ryazanian, but these

strata are not discussed here. Thicknesses reach maximums of

60 and 70 m in the subsidiary basins centered on east Dorset

and the Weald respectively, but thin to approximately 15 m
over the Portsdown structure (Howitt 1964). Subsequent lo-

wer Cretaceous folding and erosion have destroyed much of

the western area of the Durlston Beds except for the western

outliers scattered along the outcrop from Dorset to Bucking-

hamshire. Tlie lithologies are dominantly limestones, marls

and clays. The Information relating to bivalves is scattered as

they have never been monographed, although lists can be

compiled from the literature (e. g. Arkeli 1933; 1947; Cle-

ments 1969), especially for Dorset. However Casey (1955a; b)

has made important contributions to the systematic know-

ledge of the families Neomiodontidae and Corbiculidae

which occur in the Purbeck Beds. The preservation of bival-

ves is commonly poor as specimens become compacted with

the Sediment and strongly distorted. However locally, espe-

cially in the limestone bands, preservation is good and un-

crushed specimens can be obtained. Faunas from each hori-

zon are rieh in individuals but very low in diversity. Most of

the remarks here will have to be confined to the type section at

Durlston Bay near Swanage in Dorset because Information is

not yet readily available for other areas.

The base of the Durlston Beds is taken by Casey at the in-

coming of an oyster-rich bed, the Cinder Bed. In Durlston

Bay this unit is about 3 mthick and all but a thin band near the
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Myrene fittoni Cashy, M. ci. fittont, M. pellati (Lor.). M.

cf. pellati, M. sp., Neomiodon}, Protocardia major (J. de

C. Sow.), P. cf. major, P. sp.

Above the Cinder Bed of the Durlston Bay sequence, Cle-

ments (1969, Fig. A35) has accurately logged the sequence

and recorded some of the bivalve faunas. These are used be-

low together with the author's own observations. The Inter-

marine Beds or Upper Building Stones contain a low diversity

freshwater-dominated facies with Neomiodon and also Vivi-

parus. But in the Scallop Beds above a restricted marine facies

occurs with ChLimys, Liostrea and Modiolus. This again

may be correlated with the Weald where Worssam and Ivi-

MEY-CooK (1971) record abundant Corbula, Neomiodon and

Modiolus from depths of 1944-1968' in theWarlingham Bo-

rehole. The succeeding Corbula Beds contain low diversity

assemblages often with current-sorted Corbula pavements

with occasional Neomiodon suggesting a brackish to fresh-

water environmcnt. The fauna of Unio noted in the Chief

Beef Beds indicates a definite freshwater environment. The

Broken Shell Limestone is difficult to assess because of the

broken and well cemented components, but possibly repre-

sents a return to more brackish conditions. The final episode

of the Durlston Beds, in the Unio Beds and the Upper "Cyp-

ris" Clays and Shales, was a return to Unio- and Viviparus-

dominated freshwater facies. The Variation in salinities sugge-

sted for the Durlston Beds is summarised in Fig. 4. It appears

- that there are at least two and probably three principal marine

events.

SIGNIFICANT BIVALVE CROUPS

There are several groups of bivalves which are important

for discussion of correlation and of facies both within Eng-

land and between England and other regions . They are discus-

sed in turn below under family titles.

Buchiidae: Through much of the marine Boreal Realm,

Buchia is an important dement of the faunas both numeri-

cally and stratigraphically. Unfortunately in England it is rare

in the Ryazanian. This is probably due to England being atthe

south-west of the almost landlocked Southern North Sea Ba-

sin and in close proximity to the warmer waters of the Wessex

Basin. There are only five specimens known, Sedgwick Mu-

seum Cambridge (SMC) B 1 1337-9, and British Museum, Na-

tural History (BMNH) 81069, 81075. They were originally

described by Pavlovc (1896, p. 549) as Aucella volgensis La-

HUSENand came from the Spilsby Sandstone of Donington-

on-Bain, Lincolnshire. Casey (1973, 204) suggested they oc-

cured in the same bed as specimens of Surites. Zakharov

(1981) showed that ß. volgensis appears above the base of the

"Berriasian" of theRussianPlatform, in the "Chetaitessibiri-

cus" Zone, andcontinuingto the endof the Berriasian. He re-

corded B. volgensis alongside B. uncitoides in the central

and northem parts of of the Russian Platform, but volgensis

only in the south and south-eastem parts. The English occu-

rences therefore compare most closely with records from the

south and south-eastem parts of the Russian Platform, where

part of the base of the Ryazanian is also missing. It is inter-

esting to note that the previous appearance of Buchia in Eng-

land was in the Middle Volgian, in the basal Spilsby nodule

bed. Subsequently B. lamplughi (Pavlow) appeared in the

Hauterivian.

Inoceramidae: Elsewhere, especially in the upper Upper

Cretaceous, inoceramids are very important for correlation.

The genus Anopaea has not yet been used, but on both the

Russian Platform and in eastern England there is a similar suc-

cession of Volgian to Valanginian species from A . sphenoidea

Geras, to A. brachowi (Rouil. & Voss.) (see Fig. 5). In

eastern England A. sphenoidea occurs in the preplicompha-

lus and lamplughi Zones of the Spilsby Sandstone. A. bra-

chowi occursin the lamplughi Zoneof the Spilsby Sandstone,

kocht Zone of the Mintlyn Beds and Bed D3 of Polyptychttes
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RiDGE 1881) is known from only two specimens (IGS 1 1900,

11901) from a sandstone beiieved by Casey and Bristow

(1964, 124) to be an interdigitation of the Whitchurch Sands

into the Cinder Bed of the Vale of Wardour. It is densely tu-

berculate, not just on the flank, but also on the area. The most

closely related species is P. tealbyensis (Lycett 1875) whichis

only known from the Upper Volgian preplicomphalus Zone

of the Spijsby Basin, in which the Ornament is much coarser.

It is beiieved here that P. densinoda arose from P. tealbyen-

sis.

Laevitrigoniinae: Laevitrigonia is particularly well

known from the English Portland Beds. It also occurs rarely

in the Cinder Beds, the Whitchurch Sands and there is one

enigmatic specimen supposedly from an erratic pebble of

Spilsby Sandstone from Norfolk. The last specimen (IGS

CE3752) corresponds most closely to L. manseli (Lycett) a

species which is particularly common in the upper part of the

Portland Limestone of Dorset. Unfortunately neither the

species or the genus are known in situ from anywhere in the

Spilsby Basin. However the same species is known from a

well preserved mouid from the Whitchurch Sands of Buck-

inghamshire (IGS CE 6101). L. gibbosa (J. Sowerby) and

L. wightensis (Strand) are both recorded by Casey and Bri

STOW(1964, 123). None of the specimens that I have seen can

be referred precisely to the former species which I believe oc-

curs only near the top of the Tisbury Glauconitic Member of

the Portland Limestone in the Vale of Wardour, and from a

level towards the middle of the Gres des Oies in the Boulon-

,
nais of Northern France. Casey and Bristow also State that the

typeof /.. wightensis comes from the Whitchurch Sands near

Devizes in Wiltshire. This species is very common in the Ro-

ach at the top of the Portland Limestone both on the Isle of

Portland and also at Swindon in Wiltshire. A further speci-

men is known from Potton in Bedfordshire (SMC 85668)

where it was found in the basal Lower Greensand, probably

reworked from the Whitchurch Sands. It seems possible that

Laevitrigonia, originally derived from Portland beds stock,

was inhabiting the slightly brackish marine fringes of the

Spilsby Basin, but not occuring with the main marine faunas

in the centre of the basin. Laevitrigonia has not been recor-

ded from the Russian Platform, but I now transfer the Middle

Volgian species described as T. kopnnensis Gerassimov

(1955) to that genus.

Protocardiidae: There are several distinctive protocar-

diids around the Jurassic Cretaceous boundary in England.

The very large Protocardia dissimilis (J. Sowerby) occurs in

the Portland Beds only. In the Upper Volgian of the Spilsby

Basin, small, inflate forms of the P. conanna (Buch) group

appear and become panicularly abundant in the phosphatised

nodulebedat the baseof the Mintlyn Beds. P. major (J. deC.

Sow.) from the Purbeck beds and from the Whitchurch Sands

is extremely similar and may prove to be identical to the spe-

cies of the Spilsby Basin. Above the base of the Mintlyn Beds

and ranging to the top is a very globular protocardiid. It is

probable that these taxa are quite strongly facies related and

that their use will eventually be in the recognition of particular

biofacies rather than in stratigraphic correlation.

Neomiodontidae:Itis not possible here toexpand furt-

her the observations of Casey (1955a, 218), that the genera

Neomiodon and Myrene occupy different habitats, the for-

mer occuring in freshwater-brackish environments, while the

latter occurs in marine-brackish environments. In England

both these genera are restricted to the Wessex Basin and the

Midland Platform.

Corbulidae: This familiy isinneed ofconsiderable study

and revision. It forms the numerically dominant bivalve in

parts of the upper Mmtlyn Beds, as well as bemg an important

component of the Whitchurch Sands and of many horizons in

the Durlston Beds where it is particularly abundant.

DISCUSSION

It can be seen from the above observations that correlations

based on bivalves can be made in two directions. Firstly the

more normal marine faunas of the Spilsby Basin provide fair

comparisons with the contemporary faunas of East Green-

land and the Russian Platform. In all 50 bivalve species are re-

corded from the Mintlyn Beds and the Upper Spilsby Sand-

stone. 45 7c of these alsooccur in East Greenland, 25%on the

Russian Platform and 8%in the North Urals. Conversely ab-

out 60% of the Greenland, 30%of the Russian Platform and

10% of the North Urals Ryazanian bivalve species occur in

England. Secondly some bivalves like PseudomyophorelU

and Laevitrigonia may eventually prove useful in correlation

between eastem and southern England, but in general it is ex-

tremely difficult to make any direct correlation between the

Spilsby and Wessex Basins based on bivalves, because of the

great facies differences between the two basins during Ryaza-

nian times. However Casey (1963) regarded the mid-Spilsby

nodule bed as being an equivalent to the Whitchurch

Sands/Cinder Bed transgression, though the more precise re-

lationship is with the base of the runctom Zone (Casey 1973,

p. 222). It has already been indicated above that correlation of

events within the Wessex Basin may be feasible. It is also pos-

sible that a parallel might be drawn relating the phases of con-

densation in the Spilsby Basin phosphate nodule beds to the

regressive periods in the sequence of the Durlston Beds.

There are three phosphate nodule beds recognized in the

Mintlyn Beds, which are the most complete marine Ryaza-

nian sequence in eastern England. Lach of these beds repre-

sents a time of moderate uplift of the seafloor when some

winnowing took place. If the event was widespread and of a

eustatic narure then it could also cause a regression within the

Wessex Basin. The intervening Sediments between the pho-

sphate nodule beds represent renewed Sedimentation in the

Spilsby Basin and can be correlated with the more marine

pans of the Durlston Beds. The Situation is summarised in

Fig. 6 A clear pattem of correlation can be seen between the

runctoni, kochi and icenii Zone nodule beds and the Interma-

rine, Chief Beef/Cori;«/d and Upper "Cypris" Clays respec-
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